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(57) A magneto-resistance effect element, a mag- 
neto-resistance effect type head, a memory element 
which can provide large MR changes under smaller 
magnetic fields and a method for manufacturing them. 
The magneto-resistance effect element has a basic 
structure composed of a laminated body of a magnetic 
film, a nonmagnetic insulating film, and a magnetic film 
piled one upon another in this order and a conductive 
part which is sufficiently smaller in size than the contact- 
ing part between the nonmagnetic insulating film and 
the magnetic film is formed on the exposed part of the 
nonmagnetic insulating film so as to electrically connect 
the magnetic films to each other. In addition, electrode 
lead sections are provided on the upper and lower mag- 
netic films. Alternatively, it is possible to form a cylindri- 
cal conductive part which is sufficiently made smaller in 
size than the contacting part between the nonmagnetic 
insulating film and the magnetic film in the nonmagnetic 
insulating film. The nonmagnetic insulating film is com- 
posed of the oxide or nitride of a conductor and the 
nitrogen or oxygen concentration in the conductive part 
can be made lower than that in the nonmagnetic insulat- 
ing film. Moreover, the basic structure of the element 



can be constituted of a laminated body of a reversal-of- 
magnetization suppressing film, a magnetic film, a non- 
magnetic insulating film, and a magnetic film by provid- 
ing the reversal-of-magnetization suppressing film on 
the surface of one magnetic film so as to suppress the 
reversal of magnetization of the magnetic film. 
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Description 
Technical Field 

The present invention relates to a magnetoresist- 
ance effect element, a head of the magnetoresistance 
effect element type and a memory element and also 
relates to a method of producing the magnetoresistance 
effect element above-mentioned. 

Background Art 

It has recently been discovered that an artificial lat- 
tice layer [Fe/Cr] or [Co/Ru] in which the magnetic layers 
are antiferromagnetically coupled to each other through 
a metallic nonmagnetic layer of Cr. Ru or the like, pro- 
duces a giant magnetoresistance effect in a ferromag- 
netic field (1 to 10 kOe (PHYSICAL REVIEW LETTERS, 
Vol. No. 21. p2472-2475, 1988. PHYSICAL REVIEW 
LETTERS, Vol. No. 19, p2304-2307. 1990). The artifi- 
cial lattice layer according to the technology above- 
mentioned, shows a large change in magnetoresistance 
(hereinafter referred to as MR). However, since the 
magnetic layers are antiferromagnetically coupled to 
each other, the magnetic field required for producing an 
MR effect is as big as several kOe. This is practically 
disadvantageous. 

A giant magnetoresistance effect has been discov- 
ered also in an artificial lattice layer [Ni-Fe/Cu/Co] using 
two different types of magnetic layers of Ni-Fe and Co 
which are separated from each other through a metallic 
nonmagnetic layer Cu and which are weak in magnetic 
coupling. That is, there has been obtained an artificial 
lattice layer of which MR rate is about 8 % in a magnetic 
field applied at room temperature of 0.5 kOe (Journal of 
The Physical Society of Japan, Vol. 59, No. 9. Septem- 
bers 990, pp. 3061-3064). However, even in this artifi- 
cial lattice layer, it is difficult to intercept perfectly the 
magnetic coupling between the magnetic layers. Thus, 
it has been desired to develop a magnetoresistance 
effect element which shows a greater MR change in a 
smaller applied magnetic field. 

When an electric current is let flow in the vertical 
direction of the layer surface, the element presents a 
large MR change. However, since the artificial lattice 
layer above-mentioned is very thin, the resistance in the 
vertical direction of the layer surface is very low. This is 
practically disadvantageous. 

As an artificial lattice layer operable in a very small 
applied magnetic field, there is proposed a layer of the 
spin valve type in which an ant (ferromagnetic material of 
Fe-Mn is attached to a body of Ni-Fe/Cu/Ni-Fe (Journal 
of Magnetism and Magnetic Materials 93. p. 101 -104, 
1991), and it is now studied to apply this layer to a head 
of the magnetoresistance effect type. However, the 
arrangement according to this technology is disadvan- 
tageous in view of MR change as small as 2 to 4 %. 

Further, there has been developed a tunnel-type 



magnetoresistance effect element using an insulating 
layer between two magnetic layers (Nihon Ohyo Jiki 
Gakkaishi Vol. 19, No. 2, p369-372, 1995). According to 
this technology, however, it is difficult to control the qual- 

5 ity of the insulating layer. This makes it difficult to pro- 
duce such elements having good reproducibility in 
characteristics. 

There is proposed a memory element having word 
lines and sense lines each made of a conventional MR 

10 material (IEEE TRANSACTIONS ON MAGNETICS, 
VOL. 27, NO. 6, P5520-5522, 1991). This memory ele- 
ment is small in MR change rate such that the informa- 
tion reading output is disadvantageously small. 

To solve the problems above-mentioned, the 

15 present invention is proposed with the object of provid- 
ing a magnetoresistance effect element, a head of the 
magnetoresistance effect type and a memory element 
in each of which a larger MR change can be acquired in 
a smaller magnetic field, and also providing a method of 

20 producing the magnetoresistance effect element above- 
mentioned. 

Disclosure of the Invention 

25 To achieve the object above-mentioned, the present 
invention provides a magnetoresistance effect element 
having a basic structure comprising a lamination body 
of [a magnetic layer/a nonmagnetic insulating layer/a 
magnetic layer], in which the nonmagnetic insulating 

30 layer has, at an exposed part thereof, a conductive por- 
tion sufficiently smaller than the contact portion of the 
nonmagnetic insulating layer with respect to the mag- 
netic layers, the conductive portion electrically connect- 
ing the magnetic layers to each other, and in which 

35 electrode lead portions are respectively disposed at the 
upper and lower magnetic layers. In the basic structure 
comprising a lamination body of [a magnetic layer/a 
nonmagnetic insulating layer/a magnetic layer], there 
may be formed, in the nonmagnetic insulating layer, a 

40 column-like conductive portion sufficiently smaller than 
the contact portion of the nonmagnetic insulating layer 
with respect to the magnetic layers. The nonmagnetic 
insulating layer is preferably made of an oxide or nitride 
of a conductive material, and the conductive portion is 

45 preferably lower in oxygen concentration or nitrogen 
concentration than the nonmagnetic insulating layer. 

The conductive portion formed in an exposed part 
of the insulating layer electrically connects the upper 
and lower magnetic layers to each other, thus forming a 

so channel corresponding to tunneling. This improves the 
characteristics as compared with a tunnel-type giant 
magnetoresistance effect layer of prior art using only an 
insulating layer. 

Further, a soft magnetic layer is preferably used for 

55 one of the magnetic layers adjacent to each other 
through the nonmagnetic insulating layer, and a mag- 
netic layer greater in magnetic coercive force than the 
soft magnetic layer, is preferably used for the other mag- 
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netic layer. According to the arrangement above-men- 
tioned, a very small signal magnetic field reverses the 
magnetization direction of the magnetic layer smaller in 
magnetic coercive force, i.e., the soft magnetic layer, 
into the applied magnetic field direction, but does not 
reverse the magnetization direction of the magnetic 
layer greater in magnetic coercive force, i.e., the hard 
magnetic layer. Thus, the magnetization directions of 
the both magnetic layers are anti-parallel to each other, 
increasing the element in resistance. This increases the 
MR change rate. 

According to the present invention, the magnetore- 
sistance effect element may be arranged such that the 
basic structure comprises a lamination body of [a con- 
ductive magnetization-reversal restraining layer/a mag- 
netic layer/a nonmagnetic insulating layer/a magnetic 
layer] in which the conductive magnetization-reversal 
restraining layer is formed on the surface of one of the 
magnetic layers for restraining the one magnetic layer 
from being reversed in magnetization direction, that the 
nonmagnetic insulating layer has, at an exposed part 
thereof, a conductive portion sufficiently smaller than 
the contact portion of the nonmagnetic insulating layer 
with respect to the magnetic layers, that the conductive 
portion electrically connects the magnetic layers to each 
other, and that electrode lead portions are respectively 
disposed at the upper and lower magnetic layers. 

In the arrangement above-mentioned, too. (t) the 
nonmagnetic insulating layer may have a column-like 
conductive portion which is lower in oxygen concentra- 
tion or nitrogen concentration than the nonmagnetic 
insulating layer, which is sufficiently smaller than the 
contact portion of the nonmagnetic insulating layer with 
respect to the magnetic layers, and which electrically 
connects the magnetic layers to each other, and (ii) 
electrode lead portions may be respectively disposed at 
the upper and lower magnetic layers. Preferably, the 
magnetization reversal restraining layer is a conductive 
antiferromagnetic layer. 

According to the arrangement above-mentioned, 
due to the presence of the magnetization reversal 
restraining layer, the magnetic layer in contact therewith 
is not readily reversed in magnetization direction. Thus, 
the combination of the magnetization reversal restrain- 
ing layer and the magnetic layer in contact therewith 
corresponds to a hard magnetic layer. 

According to the present invention, at least one of 
the magnetic layers may be an amorphous alloy layer, 
and at the interface between the nonmagnetic insulating 
layer and at least one of the magnetic layers, there may 
be formed an interface magnetic layer which contains 
Co or Fe as one of the main component elements and 
of which thickness is not greater than 2 nm. With such 
an arrangement, a greater MR change rate can be 
obtained. 

The nonmagnetic insulating layer may be made of 
an oxide of Nb. 

According to the arrangement above-mentioned, 



the special nonmagnetic insulating layer separates the 
soft magnetic layer to be easily reversed in magnetiza- 
tion direction even in a very small magnetic field, from 
the magnetic layer not to be easily reversed in magneti- 

5 zation direction in a very small magnetic field. This 
extremely weakens the magnetic coupling between the 
magnetic layers, enabling the soft magnetic layer to be 
successfully reversed in magnetization direction. This 
improves the element in sensitivity of magnetic field. 

10 Further, there can be obtained, in the vertical direction 
of the layer surface, a magnetoresistance effect in which 
a greater MR change rate is obtained. 

A head of the magnetoresistance effect type 
according to the present invention, comprises a magne- 

15 toresistance effect element of the present invention and 
is arranged such that the magnetic field direction of a 
signal from a magnetic medium to be detected, is paral- 
lel to the easy magnetization axis of one of the magnetic 
layers, and is at a right angle to the easy magnetization 

20 axis of the other magnetic layer. 

With the arrangement above-mentioned, there can 
be obtained a head of the magnetoresistance effect 
type in which the output is great and of which linearity is 
good. 

25 A memory element according to the present inven- 
tion comprises a magnetoresistance effect element of 
the present invention, and is arranged such that there 
are disposed, through an insulating layer, word lines 
each of which is formed of a conductive line and which 

30 are arranged to generate an information recording mag- 
netic field in the vicinity of the magnetoresistance effect 
element, and that there are disposed information read- 
ing sense lines each of which is formed of a conductive 
line and which connect the electrode lead portions to 

35 each other. Preferably, the memory element comprises 
a plurality of magnetoresistance effect elements each of 
which is according to the present invention and which 
are disposed in the form of a matrix, and is arranged 
such that there are disposed, in the vicinity of each of 

40 the magnetoresistance effect elements, two insulated 
word lines at right angles to each other, and that there 
are disposed sense lines each of which is formed of a 
conductive line and which connect, to each other, the 
electrode lead portions formed on and under each of 

45 the magnetoresistance effect elements. 

According to the head of the magnetoresistance 
effect type of the present invention and the memory ele- 
ment of the present invention, the resistance is high 
also in the vertical direction of the layer surface, ena- 

50 bling an electric current to flow in the vertical direction of 
the layer surface of the element. Thus, a greater MR 
change rate can be obtained. 

According to the present invention, a method of 
producing a magnetoresistance effect element is char- 

55 acterized in that a high-speed ion beam or a high-speed 
neutral particle beam is irradiated to the nonmagnetic 
insulating layer which is made of an oxide or nitride of a 
conductive material and which is held by and between 
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the two magnetic layers, such that there is formed, in 
the beam irradiated portion of the nonmagnetic insulat- 
ing layer, a conductive portion which is tower in oxygen 
concentration or nitrogen concentration than the non- 
magnetic insulating layer and which is sufficiently 5 
smaller in area than the contact portion of the nonmag- 
netic insulating layer with respect to the magnetic lay- 
ers, the conductive portion electrically connecting the 
two magnetic layers to each other. 

10 

Brief Description of the Drawings 



Best Modes for Carrying Out the Invention 

Referring to the attached drawings, the following 
description will discuss preferred embodiments of the 
present invention. 



Fig. 1 (a) is a perspective view illustrating the 
arrangement of a magnetoresistance effect element 
according to an embodiment of the present invention, 
and Fig. 1 (b) is an enlarged view of a main portion A in 
Fig. 1 (a). 

According to this embodiment, the magnetoresist- 
ance effect element has a basic structure of [a magnetic 
layer 3/a nonmagnetic layer 2/a magnetic layer 1] and is 
provided, at each of edge portions C\ C", C" of 
exposed portions of the nonmagnetic layer 2. with a 
conductive portion C considerably smaller than the con- 
tact portion of the nonmagnetic layer 2 with respect to 
the magnetic layer 3. These conductive portions C 
cause the magnetic layers 3, 1 to be electrically con- 
nected to each other. Electrode lead portions (not 
shown) are disposed at the upper and lower magnetic 
layers 3,1. 

The following description will discuss the opera- 
tional principle of the magnetoresistance effect element 
having the arrangement above-mentioned. 

When a small magnetic field H is applied, the mag- 
netization direction of a magnetic layer small in mag- 
netic coercive force, i.e. a soft magnetic layer (for 
example, the magnetic layer 1 in Fig. 1), is reversed into 
the applied magnetic field direction. However, a mag- 
netic layer high in magnetic coercive force, i.e., a hard 
magnetic layer (for example, the magnetic layer 3 in Ftg. 
1). is not reversed in magnetization direction. When the 
magnetization direction of the hard magnetic layer is 
anti-parallel to the applied magnetic field direction, the 
magnetization directions of the both magnetic layers are 
anti-parallel to each other to increase the element in 
resistance. When the applied magnetic field is further 
strengthened, the magnetization directions of the both 
magnetic layers become parallel to each other to reduce 
the element in resistance. 

According to prior art. it is difficult to intercept the 
magnetic coupling between the magnetic layers when 
metal is used for a nonmagnetic layer, and by increasing 
the thickness of the metallic nonmagnetic layer, the 
magnetic coupling can be intercepted but the MR 
change rate is lowered. Further, an insulating body may 
be used for the nonmagnetic layer and provision may be 
made such that an electric current flows with the use of 
the tunnel effect in the vertical direction of the layer sur- 
face. However, such an arrangement lowers the repro- 
ducibility of characteristics dependent on the quality or 
the like of the insulating layer. 

According to this embodiment, the conductive por- 
tions C are formed at exposed portions of the nonmag- 
netic layer 2. It is therefore possible to solve the above- 
mentioned problems of prior art. Further, the tunnel 
effect of the nonmagnetic insulating layer according to 
this embodiment, is controllable by using a magnetore- 
sistance effect element producing method to be dis- 
cussed later. This facilitates the element designing. 

According to the present invention, the basic struc- 
ture is not limited to the lamination body of [the mag- 



Fig. 1 (a) is a perspective view illustrating the 
arrangement of a magnetoresistance effect ele- 
ment according to an embodiment of the present is 
invention, and Fig.1 (b) is an enlarged view of a 
main portion A in Fig. 1 (a); 
Fig. 2 is a perspective view illustrating the arrange- 
ment of a magnetoresistance effect element 
according to another embodiment of the present 20 
invention; 

Fig. 3 is a perspective view illustrating the arrange- 
ment of a head of the magnetoresistance effect 
type according to an embodiment of the present 
invention; 25 
Fig. 4 is a perspective view illustrating the arrange- 
ment of a memory element according to an embod- 
iment of the present invention; 
Fig. 5 (a) is a perspective view illustrating the 
arrangement of a magnetoresistance effect ele- so 
ment according to a further embodiment of the 
present invention, and Fig. 5 (b) is a section view 
taken along the line X-X in Fig. 5 (a); 
Fig. 6 is a perspective view illustrating the arrange- 
ment of a magnetoresistance effect element 35 
according to still another embodiment of the 
present invention; 

Fig. 7 is a perspective view illustrating the arrange- 
ment of a head of the magnetoresistance effect 
type according to another embodiment of the 40 
present invention; 

Fig. 8 is a perspective view illustrating the arrange- 
ment of a memory element according to another 
embodiment of the present invention; 
Fig. 9 is a view illustrating the magnetoresistance 45 
change rate of the magnetoresistance effect ele- 
ment of Example 1 ; and 

Fig. 10 is a vertical section view schematically illus- 
trating the arrangement of a focused ion beam 
apparatus suitable for production of a magnetore- so 
si stance effect element according to the present 
invention. 
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netic layer 3/the nonmagnetic layer 2/the magnetic layer 
1] in Fig. 1, but may be a lamination body of [a magnet- 
ization reversal restraining layer 4/a magnetic layer 37a 
nonmagnetic layer 2/a magnetic layer 1] as shown in 
Fig. 2. Because of the presence of the magnetization 
reversal restraining layer 4, the magnetic layer 3* is not 
readily reversed in magnetization direction. That is, the 
arrangement of the magnetization reversal restraining 
layer 4 and the magnetic layer 3* corresponds to the 
arrangement of the magnetic layer 3 in Fig. 1 . There- 
fore, the magnetic layer 3* may be or may not be the 
same as the magnetic layer 1 . 

Further, two or more magnetoresistance effect ele- 
ments each having any of the basic structures above- 
mentioned may be laminated through each insulating 
layer such as the nonmagnetic layer 2 or the like. 

Further, there may be disposed, at the interface 
between a magnetic layer and the nonmagnetic layer, 
an interface magnetic layer which contains Co or Fe as 
one of the main component elements and of which 
thickness is not greater than 2 nm. With such an 
arrangement, a larger MR change rate can be obtained. 

Fig. 3 is a perspective view illustrating the arrange- 
ment of a head of the magnetoresistance effect type 
according to the present invention. 

This head of the magnetoresistance effect type 
uses a magnetoresistance effect element having a 
basic structure of [a magnetic layer 3/a nonmagnetic 
layer 2/a magnetic layer 1]. In this head, the magnetic 
field H of a signal from a magnetic medium is at a right 
angle to an easy magnetization axis Z of the soft mag- 
netic layer 1 of the magnetoresistance effect element, 
and is parallel to an easy magnetization axis of the mag- 
netic layer 3. The soft magnetic layer 1 is provided at a 
portion thereof with a projection 3a which projects in 
parallel to the signal magnetic field H. This efficiently 
detects the signal magnetic field H. The soft magnetic 
layer 1 and the magnetic layer 3 have lead electrode 
portions S, S\ respectively, such that changes in resist- 
ance between the layers 1 , 3 are detected. According to 
the arrangement above-mentioned, this head of the 
magnetoresistance effect type is excellent in linearity, 
low in noise and high in output. As apparent from Fig. 3, 
the present invention is characterized in that, even 
though the shape of a patterned magnetic layer is ani- 
sotropic, the magnetic field direction to be detected and 
the easy magnetization axial direction of the magnetic 
layers can readily be controlled. The arrangement in 
Fig. 3 utilizes the fact that the longitudinal direction of 
the patterned magnetic layer serves as the easy mag- 
netization axis. Preferably, the other magnetic layer 3 is 
large in magnetic coercive force to prevent the reversal 
of magnetization direction in the signal magnetic field. 
Further, to obtain a larger MR change rate, the mag- 
netic layer 3 is preferably a hard magnetic layer present- 
ing a magnetization curve of which square shape ratio 
(residual magnetization/saturated magnetization) is not 
less than at least 0.7. 



There can also be obtained a similar head of the 
magnetoresistance effect type with the use of a magne- 
toresistance effect element having a structure of [a 
magnetization reversal restraining layer 4/a magnetic 
5 layer 37a nonmagnetic layer 2/a magnetic layer 1 . 

Fig. 4 is a perspective view illustrating the arrange- 
ment of a memory element according to the present 
invention. 

In a magnetoresistance effect element unit M (the 
io intersecting portion of magnetic layers 3, 1 including a 
nonmagnetic layer 2 in Fig. 4), lead electrode portions 
S, S* are connected to each other by conductive lines 
serving as sense lines. In the vicinity of the magnetore- 
sistance effect element unit M, there are disposed, 
is through an insulating layer, word lines W, W for record- 
ing information. The following description will discuss 
the operational principle of the memory element having 
the arrangement above-mentioned. 

For recording information, provision is made such 
20 that an electric current flows in the word lines W, W and 
that, in the magnetoresistance effect element of the 
type [the magnetic layer 3/the nonmagnetic layer 2/the 
magnetic layer 1], the magnetic layer 3 larger in mag- 
netic coercive force is reversed in magnetization direc- 
ts tion to record the information. For reading information, 
provision is made such that a weak electric current 
flows in the word lines W, W. that only the magnetic 
layer 1 smaller in magnetic coercive force is reversed in 
magnetization direction and that the changes in magne- 
30 toresistance generated in the magnetoresistance effect 
element unit M are detected by the sense lines to read 
the information. In this memory element, the magnetic 
layer 3 larger in magnetic coercive force is required to 
be reversed in magnetization direction by the magnetic 
35 field generated by the word lines. Accordingly, if the 
magnetic layer 3 is too large in magnetic coercive force, 
the reversal of magnetization direction is difficult Thus, 
the magnetic layer 3 is preferably a semi-hard magnetic 
layer of which magnetic coercive force is suitable in 
40 magnitude. Further, to clarify the information recording 
state, the magnetization curve of the semi-hard mag- 
netic layer is preferably good in square shape proper- 
ties. 

In the magnetoresistance effect element unit which 
45 has a structure [a magnetization reversal restraining 
layer 4/a magnetic layer 37a nonmagnetic layer 2/a 
magnetic layer 1] and in which particularly the magneti- 
zation reversal restraining layer 4 is made of an anti-fer- 
romagnetic body, it is often difficult to reverse the 
so magnetic layer 3' in magnetization direction by the mag- 
netic field generated by the electric current flowing in 
the word lines. In such a case, provision is made such 
that, for recording information, an electric current flows 
in the word lines to reverse the magnetization direction 
55 of the magnetic layer 1 for recording the information, 
and that, for reading information, an electric current 
flows in the word lines to reverse the magnetization 
direction of the magnetic layer 1 for reading the informa- 



5 



9 



EP 0 844 679 A1 



10 



tion. Thus, nondestructive reading is executed in the 
structure [the magnetic layer 3/the nonmagnetic layer 
2/the magnetic layer 1] mentioned earlier, but destruc- 
tive reading is executed in the structure [the magnetiza- 
tion reversal restraining layer 4/the magnetic layer 3Vthe 5 
nonmagnetic layer 2/the magnetic layer 1]. 

In each of the embodiments above-mentioned, 
there is shown an arrangement having the conductive 
portions C at the exposed portions of the nonmagnetic 
layer 2. However, the present invention is not limited to 10 
this arrangement, but as shown in Fig. 5 (a) and (b), the 
present invention may be arranged such that a column- 
like conductive portion C locally passing through the 
nonmagnetic layer 2, is formed in the nonmagnetic layer 
2 held by and between the magnetic layers 1 and 3. This 15 
arrangement produces an operational effect similar to 
that produced by each of the embodiments above-men- 
tioned. 

Fig. 6 to 8 show respective embodiments which 
adopt, in the respective embodiments in Fig. 2 to Fig. 4, 20 
the above-mentioned arrangement having a column-like 
conductive portion C, as shown in Fig. 5 (a) and (b), 
formed in the nonmagnetic insulating layer 2 held by 
and between the magnetic layers 1 , 3 or 1 , 3'. 

According to the present invention, each of the soft 25 
magnetic layer 1, the (semi-)hard magnetic layer 3, the 
conductive magnetization reversal restraining layer 4 
and the nonmagnetic insulating layer 2 forming the 
magnetoresistance effect element, is preferably 
arranged in the following manner. 30 

As the soft magnetic layer 1, there is preferably 
used a Ni-rich magnetic layer made of, as the main 
component, Ni x COyFe z which readily undergoes a 
change in magnetoresistance, which is readily reversed 
in magnetization direction in a low magnetic field, and 35 
which has an atomic composition of X = 0.6 to 0.9, Y = 
0 to 0.4 and Z = 0 to 0.3. Typical examples of the mate- 
rial Ni x COyFe z include Ni 0 8 Co 0 15 Fe 0 05 , 
Ni o.58^°o.2 Fe o 12 an d the like. Also, there may be used 
a Co-rich magnetic layer made of, as the main compo- 40 
nent, Ni x -CcyFe 2 ' of which change in magnetoresist- 
ance is larger even though the operational 
magnetostriction is slightly larger, and which has an 
atomic composition of X' = 0 to 0.4, Y' = 0.2 to 0.95, T = 
0 to 0.5. Typical examples of this material Ni x -COyFe Z ' 45 
include Coo.gFeo.i. Coo.7Ni 0 .iFeo.2 and the like. The 
magnetic layer made of each of the materials above- 
mentioned is small in magnetostriction and is therefore 
practically effective as the material of an magnetoresist- 
ance effect element. In addition to the soft magnetic so 
layer above-mentioned, an amorphous alloy layer may 
be used. Since such an amorphous alloy layer presents 
soft magnetism even though extremely thin, it is possi- 
ble to reduce the thickness of the magnetoresistance 
effect element in its entirety. Typical examples of the ss 
amorphous alloy include CoMnB, CoFeB, CoNbB and 
the like. 

Further, a Fe-type layer may be used. When a Fe- 



type layer is used, a large MR change rate can be 
obtained even though the magnetostriction is not zero. 
Dependent on conditions, there can be produced a Fe- 
type layer relatively small or large in magnetostriction. 
Accordingly, a Fe-type layer may be used either as a 
soft magnetic layer or as a semi-hard magnetic layer as 
will be later discussed. 

As the (semi-)hard magnetic layer 3, there is prefer- 
ably used a magnetic layer of which magnetic coercive 
force is relatively large and which has a square-shape 
magnetization curve such that the magnetization direc- 
tion of the layer is not reversed in a magnetic field to be 
detected. In order that the magnetoresistance effect 
element produces a great magnetoresistance effect, Fe 
or Co is preferably contained as one of the main compo- 
nent elements. Typical examples of Fe and Co include 
Co, Coo.5 F eo.5. Coo.75Pto.25 and the like. 

As the conductive magnetization reversal restrain- 
ing layer 4, there may be used any layer as far as the 
layer produces an effect of restraining the magnetic 
layer 3* from being reversed in magnetization direction 
when the layer is attached to the magnetic layer 3'. 
Examples of such a layer include an antiferromagnetic 
layer of IrMn, NiMn or the like, and a hard magnetic 
layer of TbCo, SmCo or the like. 

As the interface magnetic layer, a layer containing 
Co or Fe is effective for improving the MR change rate. 
However, when the interface magnetic layer is disposed 
at the interface between the magnetic layer 1 and the 
nonmagnetic layer 2. the interface magnetic layer has 
preferably a thickness of not greater than 2 nm such that 
the soft magnetism of the magnetic layers is not lost. 

As the nonmagnetic insulating layer 2, there may be 
used an oxide layer of AIO, NbO or the like. When ions 
are irradiated and injected to this oxide layer, oxygen in 
the layer at its injected portions recoils. This forms low 
oxygen-concentration zones lower in oxygen concentra- 
tion than the original nonmagnetic insulating layer 2, 
and these zones serve as conductive portions. Such an 
effect is produced remarkably in an oxide layer of Nb. 
However, even in a nitride insulating layer, when ions 
are irradiated and injected to this layer, there are formed 
low nitrogen-concentration zones lower in nitrogen con- 
centration than the nonmagnetic insulating layer 2 and 
these zones serve as conductive portions. Thus, the 
nonmagnetic insulating layer 2 may be any layer as far 
as a conductive portion can be formed in the layer due 
to recoiling of oxygen, nitrogen or the like. 

The conductive lines for word lines and sense lines 
are preferably made of metal low in resistance. Exam- 
ples of such metal include Au, Cu and the like. 

The mechanism of how a fine conductive portion is 
formed in the nonmagnetic insulating layer by irradiating 
and injecting ions thereto, would be considered as fol- 
lows. 

Injected ions come into collision with oxygen (nitro- 
gen) atoms and metallic atoms in the nonmagnetic insu- 
lating layer, and the ions give kinetic energy to the 
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metallic atoms and oxygen (nitrogen) atoms. The metal- 
lic atoms and the oxygen (nitrogen) atoms which start 
executing a motion, are moved by respective ranges 
determined by the masses and kinetic energies of the 
atoms, and then stop when the energies are consumed . s 
Such a range is longer as the mass is smaller. The 
thickness of the nonmagnetic insulating layer is set to a 
value not less than the range of the oxygen (nitrogen) 
atoms and not greater than the range of the metallic 
atoms. In this case, low oxygen-concentration (low nitro- 
gen-concentration) zones lower in oxygen- (nitrogen-) 
concentration than the insulating layer are locally gener- 
ated in the insulating layer at ion-beam irradiated parts 
thereof, and serve as conductive layers. Since the ion 
beam itself has an own range, the conductive zones are 
determined by the thickness of the insulating layer and 
the ion beam range. 

In the structure of [the magnetic layer 3/the non- 
magnetic layer 2/the magnetic layer 1] as shown in Fig. 
1 . the thickness of the nonmagnetic layer 2 at its portion 
on the top of the magnetic layer 1 , is greater than the 
range of a high-speed ion beam, and the thickness of 
the nonmagnetic layer 2 at its portions C. C on the lat- 
eral sides of the magnetic layer 1 , is so set as to satisfy 
the condition above-mentioned. In this case, when a 
high-speed ion beam is irradiated to the whole surfaces 
of the magnetoresistance effect element, fine conduc- 
tive layers are formed at the four edge portions (C, C\ 
C", C") according to the mechanism above-mentioned. 
As to the sizes of each conductive layer, the section is 
shown by C in the enlarged view in Fig. 1 (b) and the 
depth corresponds to the beam injecting depth. These 
sizes are determined by the thickness of the soft mag- 
netic layer 1, the thickness of the nonmagnetic insulat- 
ing layer and the energy of the injected beam. It is 
therefore possible to easily control these sizes with high 
precision of the nanometer order. Using a mask or a 
focused ion beam apparatus as shown in Fig. 1 0, the 
irradiation position of a high-speed ion beam can be lim- 
ited. Thus, a conductive layer may also be formed at 
each of desired one to three portions only out of the four 
edge portions C. C\ C'\ C"\ 

In the structure of [the magnetic layer 3/the non- 
magnetic layer 2/the magnetic layer 1] as shown in Fig. 
5 (a), (b), a focused high-speed ion beam may be irradi- 
ated to the nonmagnetic layer 2 at its portion on the top 
of the magnetic layer 1 before the magnetic layer 3 is 
formed. In this case, a fine column-like conductive layer 
is formed at the irradiated portion C. The sizes of the 
conductive layer are determined by the thickness of the 
nonmagnetic layer 2 and the sizes of the injected beam. 
It is therefore possible to easily control the sizes of the 
conductive layer with high precision of the nanometer 
order. 

With reference to Fig. 10, the following description 
will discuss an example of a focused ion beam appara- 
tus suitable for the production of the magnetoresistance 
effect element of the present invention. 



In this example, the focused ion beam apparatus 
comprises a liquid metal ion source 21 to be heated by 
a heater, a lead electrode 23 disposed in the vicinity of 
an ion outlet port, a condenser lens 24 for focusing ions 
from the ion source 21, an E x B mask filter 26 and a 
beam aperture 25 which serve as a mass analyzing 
device, deflection electrodes 27 for scanning the beam, 
an objective lens 28 for focusing the ion beam immedi- 
ately before a substrate (not shown) which is the target, 
a sample holder 29 for supporting the substrate, and a 
sample stage 30 for supporting the sample holder 29. 
The focused ion beam apparatus is housed in a vacuum 
chamber 20. 

Using the focused ion beam apparatus having the 
arrangement above-mentioned, a column-like conduc- 
tive portion as shown in Fig. 5 (a), (b) can locally be 
formed. 

When forming a conductive layer throughout a pre- 
determined zone as shown in Fig. 1 to Fig. 4, the 
focused ion beam apparatus is not required to be used, 
but there may be used apparatus capable of injecting 
ions to the predetermined zone. Further, a neutral beam 
may be used as far as the beam is a particle beam hav- 
ing a constant energy. 

The following description will discuss specific 
examples of the present invention. 

Example 1 

By sputtering, Nio.68^°o.2 Fe o.i2 was evaporated to 
form a layer having a thickness of 12 nm as the mag- 
netic layer 1, and an oxide layer of Nb having a thick- 
ness of 10 nm was then formed. The oxide layer was 
patterned in the form of a stripe. Thereafter, an oxide 
layer of Nb having a thickness of 5 nm was formed. 
Thus, a nonmagnetic insulating layer 2 having a thick- 
ness of 15 nm was formed on the top of the magnetic 
layer 1, and a nonmagnetic insulating layer 2 having a 
thickness of 5 nm was formed on each of the lateral 
sides of the magnetic layer 1 . By sputtering, Coo. 5 Feo.5 
was evaporated to form a layer having a thickness of 2 
nm as the magnetic layer 3. Thereafter, this layer was 
patterned such that the insulating layer 2 was exposed 
as shown in Fig. 1 . An ion beam having energy of 5 kev 
- 50 kev was irradiated to the exposed insulating layer 
to form conductive portions C as shown in Fig. 1 . thus 
forming a tunnel-type magnetoresistance effect ele- 
ment. With an electric current flowing in the lead elec- 
trode portions of the magnetic layers 1, 3, the 
characteristics of MR change in the vertical direction of 
the layer surface were measured. The results are shown 
in Fig. 9. As apparent from Rg. 9, a MR change of 1 8 % 
was obtained with a magnetic field of 50 Oe applied. 

Example 2 

By sputtering, Co 0 72 Mn 0 qsBo.20 was evaporated to 
form a layer having a thickness of 2 nm as the magnetic 
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layer 1. Using a method identical with that shown in 
Example 1 , the magnetic layer 1 was patterned and a 
nonmagnetic insulating layer 2 was formed. By sputter- 
ing, Co was evaporated to form a layer having a thick- 
ness of 2 nm as the magnetic layer 3', and IrMn was 
evaporated to form a layer having a thickness of 10 nm 
as the magnetization reversal restraining layer 4. There- 
after, the layer was patterned such that the insulating 
layer was exposed as shown in Fig. 2. Ions were irradi- 
ated and injected to the exposed insulating layer to form 
conductive portions C as shown in Fig. 2. With an elec- 
tric current flowing in the electrodes, the characteristics 
of MR change in the vertical direction of the layer sur- 
face were measured. An MR change rate of 10 % was 
obtained with a magnetic field of 20 Oe applied in the 
magnetic field direction to be detected. 

Example 3 

By sputtering, Ni 0 8 Fe 0 2 was evaporated to form a 
layer having a thickness of 10 nm as the magnetic layer 
1 . Using a method identical with that shown in Example 
1 , the magnetic layer 1 was patterned and a nonmag- 
netic insulating layer 2 was formed. By sputtering, Co 
was evaporated to form a layer having a thickness of 5 
nm as the magnetic layer 3. Thereafter, this layer was 
patterned such that the insulating layer was exposed as 
shown in Fig. 3. Ions were irradiated and injected to the 
exposed insulating layer to form conductive portions C 
as shown in Fig. 3. Electrode portions S, S' were 
respectively disposed on the lower and upper magnetic 
layers, thus forming a head of the magnetoresistance 
effect type. With a magnetic field of 10 Oe applied to the 
head in the magnetic field direction to be detected, the 
generated output was measured. According to the 
measurement result, it was found that the output of the 
head of Example 3 was 6 times the output of a head 
having a similar shape and using Ni-Fe layers of con- 
ventional MR materials. 

Example 4 

By sputtering, Ni 0 8 Fe 0 2 was evaporated to form a 
layer having a thickness of 10 nm as the magnetic layer 
1 . Using a method identical with that shown in Example 
1 , the magnetic layer 1 was patterned and a nonmag- 
netic insulating layer 2 was formed. By sputtering, Co 
was evaporated to form a layer having a thickness of 5 
nm as the magnetic layer 3. Thereafter, this layer was 
patterned such that the insulating layer was exposed as 
shown in Fig. 4. Ions were irradiated and injected to the 
insulating layer to form conductive portions C as shown 
in Fig. 4. Electrodes were respectively disposed on the 
upper and lower magnetic layers, and sense lines were 
formed. Thereafter, Si0 2 was sputtered to form an insu- 
lating layer, and Au was evaporated and patterned. 
Word lines were then formed. Thus, a memory element 
was prepared. An electric current was let flow in the 



word lines to magnetize the magnetic layer 3 in one 
direction. Then, a weak electric current for generating a 
magnetic field in the direction opposite to the magneti- 
zation direction of the magnetic layer 3 in order to 

s reverse the magnetization direction of the magnetic 
layer 1 only, was let flow in the word lines, and the 
changes in resistance of the sense lines were meas- 
ured. The measurement results showed that the output 
underwent a change. When a weak electric current for 

io generating a magnetic field in the magnetization direc- 
tion of the magnetic layer 3, was let flow in the word 
lines, the sense lines underwent no change in output. 
Thus, it was understood that the prepared memory ele- 
ment operated as a memory element. Further, even 

15 though a weak current was let flow, several times, in the 
word lines to read information, the output underwent a 
change. Thus, it was understood that nondestructive 
reading can be made. 



By sputtering, Ni 0 .68 Co o.2 Fe o.i2 was evaporated to 
form a layer having a thickness of 12 nm as the mag- 
netic layer 1 , and an oxide layer of Nb having a thick- 

25 ness of 10 nm was then formed. This layer was 
patterned in the form of a stripe. Thus, a nonmagnetic 
insulating layer 2 having a thickness of 10 nm was 
formed on the top of the magnetic layer 1 . A focused ion 
beam having energy of 5 keV - 50 keV was irradiated to 

30 the insulating layer to form a conductive portion C as 
shown in Fig. 5 (a) and (b). By sputtering, Coq 5 Feo.5 
was evaporated to form a layer having a thickness of 2 
nm as the magnetic layer 3. Then, this layer was pat- 
terned and made in the shape as shown in Fig. 5 (a) 

35 and (b). Thus, there was formed a tunnel-type magne- 
toresistance effect element. With an electric current 
flowing in the lead electrode portions of the magnetic 
layers 1 , 3, the characteristics of MR change in the ver- 
tical direction of the layer surface were measured. An 

40 MR change rate of 18 % was obtained with a magnetic 
field of 50 Oe applied. 

Example 6 

45 By sputtering, Co 0 .72Mn 0 08 B 0 .2o was evaporated to 
form a layer having a thickness of 2 nm as the magnetic 
layer 1. Using a method identical with that shown in 
Example 5, the magnetic layer 1 was patterned and a 
nonmagnetic insulating layer 2 was formed. Focused 

so ions were irradiated and injected to the insulating layer 
to form a conductive portion C. By sputtering, Co was 
evaporated to form a layer having a thickness of 2 nm as 
the magnetic layer 3', and IrMn was evaporated to form 
a layer having a thickness of 10 nm as the magnetiza- 

55 tion reversal restraining layer 4. Thereafter, the layers 
were patterned into the shapes as shown in Fig. 6. Lead 
electrodes were disposed on the magnetic layers 1 and 
3\ With an electric current flowing in the electrodes, the 
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characteristics of MR change in the vertical direction of 
the layer surface were measured. An MR change rate of 
10 % was obtained with a magnetic field of 20 Oe 
applied. 

Example 7 

By sputtering, Ni 0 8 Fe 0 .2 was evaporated to form a 
layer having a thickness of 12 nm as the magnetic layer 
1. Using a method identical with that shown in Example 
5, the magnetic layer 1 was patterned and a nonmag- 
netic insulating layer 2 was formed. By sputtering, 
Co o.5 Fe o.5 was evaporated to form a layer having a 
thickness of 2 nm as the magnetic layer 3. Thereafter, 
this layer was patterned into the shapes as shown in 
Fig. 7. Wirings shown by electrodes S, S' were installed, 
thus forming a head of the magnetoresi stance effect 
type. With a magnetic field of 1 0 Oe applied to the head 
in the magnetic field direction to be detected, the gener- 
ated output was measured. According to the measure- 
ment result, it was found that the output of the head of 
Example 7 was 6 times the output of a head having a 
similar shape and using Ni-Fe layers of conventional 
MR materials. 

Example 8 

By sputtering, Ni 0 8 Fe 0 .2 was evaporated to form a 
layer having a thickness of 10 nm as the magnetic layer 
1. Using a method identical with that shown in Example 
5, the magnetic layer 1 was patterned and a nonmag- 
netic insulating layer 2 was formed. Focused ions were 
irradiated and injected to the insulating layer to form a 
conductive portion C. By sputtering, Co was evaporated 
to form a layer having a thickness of 5 nm as the mag- 
netic layer 3. The layers were patterned into the shapes 
as shown in Fig. 8. Electrodes were respectively dis- 
posed on the upper and lower magnetic layers and 
sense lines were formed. Thereafter, Si0 2 was sput- 
tered to form an insulating layer, and Au was evaporated 
and patterned. Word lines were then formed. Thus, a 
memory element was prepared. An electric current was 
let flow in the word lines to magnetize the magnetic 
layer 3 in one direction. Then, a weak electric current for 
generating a magnetic field in the direction opposite to 
the magnetization direction of the magnetic layer 3 in 
order to reverse the magnetization direction of the mag- 
netic layer 1 only, was let flow in the word lines, and the 
changes in resistance of the sense lines was measured. 
The measurement results showed that the output 
underwent a change. When a weak electric current for 
generating a magnetic field in the magnetization direc- 
tion of the magnetic layer 3, was let flow in the word 
lines, the sense lines underwent no change in output. 
Thus, it was understood that the prepared memory ele- 
ment operated as a memory element. Further, even 
though a weak electric current was let flow, several 
times, in the word lines to read information, the output 



underwent a change. Thus, it was understood that non- 
destructive reading can be made. 



Claims 

5 

1 . A magnetoresistance effect element having a basic 
structure comprising a lamination body of [a mag- 
netic layer/a nonmagnetic insulating layer/a mag- 
netic layer], characterized in that: 

10 said nonmagnetic insulating layer has, at an 

exposed part thereof, a conductive portion suffi- 
ciently smaller than the contact portion of said non- 
magnetic insulating layer with respect to said 
magnetic layers, said conductive portion electrically 

is connecting said magnetic layers to each other; 

electrode lead portions are respectively dis- 
posed at the upper and lower magnetic layers. 

2. A magnetoresistance effect element having a basic 
20 structure comprising a lamination body of [a mag- 
netic layer/a nonmagnetic insulating layer/a mag- 
netic layer], characterized in that: 

said nonmagnetic insulating layer has a col- 
umn-like conductive portion sufficiently smaller 
25 than the contact portion of said nonmagnetic insu- 
lating layer with respect to said magnetic layers, 
said conductive portion electrically connecting said 
magnetic layers to each other; 

electrode lead portions are respectively dis- 
30 posed at the upper and lower magnetic layers. 

3. A magnetoresistance effect element according to 
any of Claims 1 and 2, wherein said nonmagnetic 
insulating layer is made of an oxide or nitride of a 

35 conductive material, and said conductive portion is 
lower in oxygen concentration or nitrogen concen- 
tration than said nonmagnetic insulating layer. 

4. A magnetoresistance effect element according to 
40 any of Claims 1 , 2 and 3, wherein a soft magnetic 

layer is used for one of said magnetic layers adja- 
cent to each other through said nonmagnetic insu- 
lating layer, and a magnetic layer greater in 
magnetic coercive force than said soft magnetic 
45 layer, is used for the other magnetic layer. 

5. A magnetoresistance effect element having a basic 
structure comprising a lamination body of [a con- 
ductive magnetization-reversal restraining layer/a 

so magnetic layer/a nonmagnetic insulating layer/a 
magnetic layer] in which said conductive magneti- 
zation-reversal restraining layer is formed on the 
surface of one of said magnetic layers for restrain- 
ing said one magnetic layer from being reversed in 

55 magnetization direction, characterized in that: 

said nonmagnetic insulating layer has, at an 
exposed part thereof, a conductive portion suffi- 
ciently smaller than the contact portion of said non- 
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magnetic insulating layer with respect to said 
magnetic layers, said conductive portion electrically 
connecting said magnetic layers to each other; 

electrode lead portions are respectively dis- 
posed at the upper and lower magnetic layers. 5 

6. A magnetoresistance effect element having a basic 
structure comprising a lamination body of [a con- 
ductive magnetization-reversal restraining layer/a 
magnetic layer/a nonmagnetic insulating layer/a 10 
magnetic layer] in which said conductive magneti- 
zation-reversal restraining layer is formed on the 
surface of one of said magnetic layers for restrain- 
ing said one magnetic layer from being reversed in 
magnetization direction, characterized in that: is 

said nonmagnetic insulating layer has a col- 
umn-like conductive portion which is lower in oxy- 
gen concentration or nitrogen concentration than 
said nonmagnetic insulating layer, which is suffi- 
ciently smaller than the contact portion of said non- 20 
magnetic insulating layer with respect to said 
magnetic layers, and which electrically connects 
said magnetic layers to each other; 

electrode lead portions are respectively dis- 
posed at the upper and lower magnetic layers. 25 

7. A magnetoresistance effect element according to 
any of Claims 5 and 6, wherein said magnetization- 
reversal restraining layer is made of a conductive 
antiferromagnetic material. 30 

8. A magnetoresistance effect element according to 
any of Claims 1 , 2, 3, 4, 5, 6 and 7, wherein at least 
one of said magnetic layers is an amorphous alloy 
layer. 35 

9. A magnetoresistance effect element according to 
any of Claims 1 , 2, 3, 4, 5, 6, 7 and 8, further com- 
prising, at the interface between said nonmagnetic 
insulating layer and at least one of said magnetic 40 
layers, an interface magnetic layer which contains 

Co or Fe as one of the main component elements 
and of which thickness is not greater than 2 nm. 

10. A magnetoresistance effect element according to 45 
any of Claims 1. 2, 3. 4, 5, 6. 7, 8 and 9, wherein 
said nonmagnetic insulating layer is made of an 
oxide of Nb. 

1 1. A head of the magnetoresistance effect type, com- so 
prising a magnetoresistance effect element accord- 
ing to any of Claims 1, 2, 3, 4, 5. 6, 7, 8, 9 and 10, 
characterized in that the magnetic field direction of 

a signal from a magnetic medium to be detected, is 
parallel to the easy magnetization axis of one of the 55 
magnetic layers and is at a right angle to the easy 
magnetization axis of the other magnetic layer. 
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12. A memory element comprising a magnetoresist- 
ance effect element according to any of Claims 1,2, 
3, 4, 5, 6, 7, 8, 9 and 10, characterized in that there 
are disposed, through an insulating layer, word 
lines each of which is formed of a conductive line 
and which are arranged to generate an information 
recording magnetic field in the vicinity of said mag- 
netoresistance effect element, and that there are 
disposed information reading sense lines each of 
which is formed of a conductive line and which con- 
nect the electrode lead portions to each other. 

1 3. A memory element comprising a plurality of magne- 
toresistance effect elements each according to any 
of Claims 1,2,3, 4. 5, 6. 7, 8, and 9. characterized 
in that said magnetoresistance effect elements are 
disposed in the form of a matrix, that there are dis- 
posed, in the vicinity of each of said magnetoresist- 
ance effect elements, two insulated word lines at 
right angles to each other, and that there are dis- 
posed sense lines each of which is formed of a con- 
ductive line and which connect, to each other, the 
electrode lead portions formed on and under each 
of said magnetoresistance effect elements. 

14. A method of producing a magnetoresistance effect 
element according to any of Claims 1, 2, 3, 4, 5, 6, 
7, 8, 9 and 10, characterized in that a high-speed 
ion beam or a high-speed neutral particle beam is 
irradiated to the nonmagnetic insulating layer which 
is made of an oxide or nitride of a conductive mate- 
rial and which is held by and between the two mag- 
netic layers, such that there is formed, in the beam 
irradiated portion of said nonmagnetic insulating 
layer, a conductive portion which is lower in oxygen 
concentration or nitrogen concentration than said 
nonmagnetic insulating layer and which is suffi- 
ciently smaller in area than the contact portion of 
said nonmagnetic insulating layer with respect to 
said magnetic layers, said conductive portion elec- 
trically connecting said two magnetic layers to each 
other. 
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Fig. 1 
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Fig. 2 
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Fig. 4 
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Fig. 9 
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